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ABSTRACT
Rapid Bioassessment Protocol (RBP) is a
set of gUidelines developed by the USEPA
to standardize the practice of using
qualitative survey techniques on aquatic
organisms to gauge stream health. One
component of RBP involves selecting a
small section of a strea m, known as a
"representative reach", which is supposed
to represent the conditionsfound over a
larger area of the stream. This study was
conducted to examine the variability
between reaches in close proximity to
each other, and to determine if that
variability could be great enough to
infl uence RBP results. I also looked at
whether anthropogenic disturbance
within the streams watershed appeared to
be related to variability between reaches.
Four candidate "representative reaches"
were sampled in each of three separate
Michigan strea ms with varying
anthropogenic disturba nce. Differences
among reaches were then evaluated using
three common indices: The number of
Epnemcroptera, Plecoptera, Trichoptera
(#EPT), the Sequential Comparison Index
(SCI), and the Michigan Dept. of
Environmental Quality "Proceduie-Sl"
biotic index. Results indicate little
variability between reaches in streams
with little impact, and much greater
variability between reaches in streams
impacted by development. This sugges ts
that monitoring programs for impacted
strea ms may need to sample more reaches
to descnbe conditions compared to
strea ms with little impact.
Introduction
The use of aquatic organisms as indicators
of stream impairment and pollution is
known as "bioassessrnent ." One com-
monly used form of this practice is known
as "Rapid Bioassessment Protocol" (RBP)
(Plafkin ct. aI., 1989), which is a set of
guidelines developed by the United States
Environmental Protection Agency intended
to standardize the practice of rapid
bioassessment. Rapid bioassessment differs
from regular bioassessment in that it is a
qualitative assessment involving a less
intense collection effort than standard
quantitative bioassessments. A qualitative
assessment approach is intended to
reduce sampling time and cost to allow
for more streams to be regu larly moni-
tored . Use of this protocol or variants of it
has become widespread , with half of all
U.S. states utilizing some form of RBP
(Resh etaI.1995).
One component of RBP typically
in volves selec ting a 30 0-foot section
of a stre am or river , known as a "rep-
resentati ve reach ," th at is supposed
to rep rese nt the average condi tio ns
present ove r a larger area of the
stream . When evaluati ng an ent ire
stream system, several reaches between
headwaters and mouth would likely be
surveyed in order to characte rize th e
aquatic co mmunity. O ften th e water-
shed will be divided into large zones
based on land usage or major changes in
geology or physical characteristics , or a
combination of all three . Samples
would then be taken from a represent a-
tive reach within each zone , and data
from all zones combined into the
watershed evaluation. In other types of
assessments , a Sing le representative
reach is used to assess the ent ire
stream. This is often the case with local
env ironme ntal groups who rely on
volun tee rs for lab or , an d who try to
survey as man y streams as possib le .
In my study, variability among
several "candidate reaches" within similar
zones in three separate streams with
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varying anthropogenic disturbance were
assessed . Three questions were
addresse d: 1.) Does extre me variation
exist be twee n rep resen tative reaches
selected wit hin close proxim ity to one
ano the r? 2.) Do d ifferent levels of
an thropogenic disturbance within a
watershe d appear to be related to
variation between reaches? 3.) And most
importantly, if variation does exist, is it
great enough to influence management
decisions made based on RBP results?
Methodology
Three separate streams were chosen
based on their degree of anthropogenic
disturb ance. One was located within the
Porcupine Mou ntains State Par k
(undeveloped), (lower Little Carp River,
Gogebic & Ontonago n County, MI),
another within a newly developing
suburban area (suburba n), (lower Rogue
River, Kent County, MI), and the third
within a heavily urbanized large city
(urban ized), (lower Plaster Creek, Cities
of Wyoming & Grand Rapids, Kent
County, MI). Within each stream system
four different riffles were sampled along a
section ap pro ximately four miles in
length , sta rting from the mouth . All
streams were wadeable 3rd or 4th order.
Riffles were visually surveyed prior to
sampling to ensure that they were located
within a representative reach, following
the guidelines from Plafkin et aI., (1989),
and that they were similar in size .
After selecting a riffle, it was
sketched on paper an d divided in to six
large squares representing equal area
within each riffle. A die was used to
rando mly choose locat ions for five
repli cate samp les within the riffle (the
number rolled represented which square
to take one sample from. This was
repeated five times; if the same square
was selected more than once , a different
location within that square was used for
successive samples). A standa rd D-net
and a three-pronged garden claw were
used to disturb an area upstream from
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the net within arms reach (approx. one
square meter).
The contents of the net were rinsed
into a three gallon buck et, and the full
capacity of the bucket was used to rinse
the net. Bucket contents were then
poured through a #80 sieve (177
microns), rinsed into a white dissection
pan, and poured into sample bottles.
Samples were preserved in the field with
70% ethanol. Differences between
candidate reaches were evaluated using
the Sequential Comparison Index (SCI),
the "Procedure 51" water quality index
used by the Michigan Department of
Environmental Quality, and the Number
of Ephemeroptera, Plecoptera, and
Trichoptera (#EPT). The SCI scores
streams on the following scale: 0.0 to 0.29
= poor, 0.3 to 0.59 = fair, 0.6 to 0.89 =
good, 0.9 to 1.0 = excellent. Michigans
Procedure-51 scores streams on a scale of
oto >48, with 0 to 18 = poor, 19 to 33 =
fair, 34 to 48 = good, >48 = excellent. The
#EPT is a semi-quantitative measure of
density between orders Ephemeroptera,
Plecoptera, and Trichoptera.
Results
The Sequential Compalison Index
The Sequential Comparison Index is a
measure of diversity within a sample.
The greater the diversity is in a sample,
the higher the score. Large differences in
scores between the sites sampled indicate
a change in community structure. Results
from the SCI showed the most variation
within the urbanized stream (Figure 1).
The greatest contrast was seen between
the first and last sites sampled . Site-A
produced a score of 0.29, while site-D
scored 0.74, a difference of 0.45. This
would equate to site-A being rated
"poor", and site-D being rated "good".
A general trend of improved water
quality was seen moving upstream (from
A to D). Site-A and site-B were within
200m of one anoth er yet site-B scored
slightly higher with 0.58, a difference of
0.29. The suburban stream yielded
results with less variation in reaches
assessed than the urb anized stream
(Figure 1). Sites A and B were again
within 200m of one another, yet they
scored 0.74 and 0.79, respectively, a
difference of only 0.05. The greatest
contrast between reaches assessed was
seen between site-B and C, with site-B at
0.79 and site-C at 0.71, a difference of
only 0.08. The und eveloped stream
produ ced results similar to the suburban
stream (Figure 1). Again, Sites A and B
were within 200m of one another and
scored 0.75 and 0.78 , respectively, a
difference of only 0.03. The greatest
contrast was between site-C at 0.82 and
site-D at 0.72 , a difference of only 0.10.
Michigan DEQ Procedure-51
The MIDEQ Procedure-51 is similar to
the SCI in that it is a measure of diversity,
however it uses "tolerance scores" rather
than strict mathematical calculations of
diversity All aquatic organisms are adapted
to tolerate a certain range of environmen-
tal conditions. This range is well known
for most aquatic insect families. Certain
families are more sensitive to changes in
water quality, while others are tolerant to
a wide range of conditions. Different
families are assigned different "tolerance
values" based on their sensitivity After
identifying and scoring families from a
site, tolerance values are added together
to give the site an overall score.
Higher scores indicate the presence
of sensitive species, which in turn reflects
bett er water qu ality Lower sco res
indicate fewer sensitive species, reflecting
poo r water qu ality Results from thi s
ind ex were similar to the SCI index
when comparing streams, however it
produced slightly di fferent resu lts from
site to site within a stream . Within the
urbaniz ed stream, the trend of improving
water quality moving upstream (from A
to D) was not as evident as with the SCI
index. Overall, the greatest variation
between reaches assessed was again seen
in the urb anized stream (Figure 2). The
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largest contrast between sites occurred
with site-B and site-C. Site-B produced
a score of 10.1 and site-C produ ced a
score of 35 .4. This would equate to
site-B earn ing a rating of "poor", and
site-C earning a "good" rating. Th e
su burban stream had the most
simi larity between sites , earn ing a
rati ng of "excellent" at all sites.
Variation was neve r more than 3.0
different. The undeveloped stream had
the mos t variability be tween site-C at
30 .8 and site-D at 40 .4, a difference of
9.6 . The first three sites surveye d
earne d a "fair" rating , whil e the last
earned a "good" rating.
Number oj Ephemeroptera, Plecoptera and
Trichoptera, Order-levell .D.
The #EPT is a semi-quantitative measure
of density among three orders of aquatic
insects known to be sensitive to changes
in water quality. Sites with higher
densities reflect better water quality than
those with lower densities. Once again,
results from #EPT showed the most
significant variation in community
structure in the urbanized stream (Figure
3). Sites A and B produced very few
individuals, while site C showed an
increase only in Trichoptera.
Site D had increased numbers of
both Ephemeropt era and Trichoptera.
No Plecopt era were present at any of
the survey sites. The general trend of
increasing diversity moving up stream
(from A to D) that was evident with the
SCI ind ex is also reflected by this
index. Both the suburban (Figure 4)
and undeveloped stream (Figure 5) had
individu als from all three ord ers
present , with Ephemeroptera having
the largest number of ind ividuals at all
sites. The suburban stream (Figure 4)
was the most consistent between sites,
with Ephemeroptera being the most
numerous, followed by Trichoptera and
Plecoptera. Overall densities were
higher in the sub urban stream.
Discussion
Because the use of Rapid Bioassessment
Protocol (REP) is so widespread , it is
important to be aware of any variability
that could influence a stream assessment.
This study highlights the importance of
site selection as well as the importance in
choosing the correct number of sites
needed to assess stream conditions.
These da ta also provide a real- life
exam ple of variability, i.e. the result s
from the ur banized stream . The overa ll
results would vary considerably
depending on which reach was selected
for benth ic invertebrate sampling. In
order to properly characterize this type of
stream, several samples would need to be
taken. In the pristine and the suburban
stream, in contrast, large differences in
community structure were not measured.
In those cases, it appears that fewer
samples would be needed to characterize
those sections of streams.
Combining this information with
knowledge of what causes the variation
could provide those working in the field
with a way to estimate the number of
sampling sites needed when establishing
wa ter mo nito ring programs.The
distri bu tio n of aquati c organisms is
known to be dependant on several
factors, including the che mical
cha rac teristics of the water, habita t
availability as well as physical factors
suc h as disch arge and subst rate type
(Merr itt et aI., 1996). Variation in
community structure between reaches
throu ghout an entire watershed can be
expected as many of these factors change
naturally (Hauer et aI. , 1996). However
within the short sections of streams that
were surveyed in this study it is doubt ful
that natural variation would be detected
using qualitative sampling methods. Past
research has ind icated minimal variation
between reaches in streams with minimal
impact (Rabeni et al., 1999).
As anthropogenic disturbance to a
stream increases, the likelihood that
natural variation would give way to
unnatural variation increases. It was
expected that this variation would
become evident with qualitative survey
tech niques. My data supports thi s
hypothesis. The urbanized stream was
impacted in many ways, and is subjected
to several types of pollutants , includ ing
wastewater discharges from sewage
treatment plants and storm water run off
from roads and parking lots.
Because of the age of development
within this portion of the streams
watershed , there were no modern storm
water retention basins of any kind . It also
lacks a sufficient riparian buffer in many
areas. Developm ent is still underway in
the middl e reaches of the streams length ,
resulting in further destruction of the
buffer. All of these factors cont ribute to
poor water quality, and this is reflected
by the data. The results from the
Sequen tial Comparison Index (Figure 1)
clearly show more variation in the
urbanized stream than in the suburban
and undeveloped streams. The Michigan
Procedure-51 index (Figure 2) and the
#EPT (Figures 3, 4 &: 5) also show more
variation from site to site in the
urbanized stream. Variation within the
suburban stream was less than the
urbanized stream . The deve lopment
within the port ion sampled is newer than
that found within the urbanized stream
and is not nearly as dense.
New regulations related to land
developm ent and storm water run off
which did not exist during development
of the urbanized stream have been
implement ed to protect the waterway.
Storm water retention basins are
common, and a very good riparian zone
is present in most places. Site to site
variation within the und eveloped stream
was similar to the suburban stream, again
suggesting smart development within the
suburba n streams watershed maintains
water quality. The data from the
undeveloped and suburba n stream
demonstrates that in the absence of any
ser ious impairment , consistent
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community structure is maintained; site
to site variation is minimal.
The differences in densities shown
with the #EPT index between the
und eveloped and suburban stream are
due to differences in stream size, with the
suburban stream being larger than the
undeveloped stream. This provides
greater habitat and nutri ent availability
which increases productivity throughout
the stream, resulting in higher densities.
A notable result of this study shows that
impacted streams with heavy,
uncontrolled or older development have
greater site to site variab ility than un-
impact ed streams. Even thou gh a stream
may be located in a developing area, if
the development is controlled and
planned it will not significantly impact
the water quality. By combining
knowledg e of bent hic invert ebrate
community structure with knowledge of
the many ways in which a waterway can
be impaired, one can predict the state of
the community in a given stream. This
provides a researcher with a way to
estimate the number of samples th at
would be required to properly
characterize a given stream .
Recommendations
Rapid bioassessments (RBPs) are
intended to allow for monitoring water
quality on as many streams as possible at
a minimal cost (Lenat et aI., 1994). Any
knowledge related to their effectiveness
therefore becomes extremely valuable
when making decisions on where to use
them and to what extent. The results of
this study indi cate that variability
between reaches in close proximity to
one another is related to the degree of
disturbance to the stream. Essent ially
this means that large-scale monitoring
programs could exert less effort on
assess ing streams with fewer
disturbances. In contrast to this , heavily
developed streams with the possibility of
significant variation between reaches
might require a more intense survey to
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locate problem areas. This information
could be used as guidance when
monitoring programs are established . In
additi on , it is important to consider the
type and age of development within a
watershed when planning an RBP
program. Although a section of a stream
may have development within it, if it is
done correctly it will preserve water
quality This would allow for a minimal
number of reaches to be sampled . Also,
further studies on a watershed-wide basis
rather than a short portion of the stream
could be conducted to aid in estimating
samp ling int ensity requirements in
various watersheds.
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Figure 1. SCI Scores for urbanized, suburban, and undeveloped streams.
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Figure 2. Procedure-51 Scores for the urbanized, suburban, and undeveloped streams.
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Figure 3. Approximate densities of Ephemeroptera, Plecoptera, and Trichoptera (#EPT)
for the urbanized stream (# / m2) .
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Figure 4. Approximate densities of Ephemeroptera, Plecoptera, and Trichoptera (#EPT)
for the suburban stream (# / m2) .
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Figure 5. Approximate densities of Ephemeroptera, Plecoptera, and Trichoptera (#EPT)
for the undeveloped stream (# / rrr) .
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